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Fatty acid status of captive wild animals: a review
Abstract
The discrepancy in fatty acid (FA) status between a “natural” and a “civilized” environment, recognized
as a major dietary phenomenon of clinical relevance in humans, was historically first described in the
comparison of free-ranging and captive wild animals (CRAWFORD 1968). Compared to their
free-ranging counterparts, captive specimens seemed to have a lower polyunsaturated FA (PUFA)
status, and in particular a lower omega(n)3/n6 PUFA ratio. However, a comprehensive evaluation of the
available data on free-ranging and captive wild animals was missing so far. We collated data on the FA
status of free-ranging and captive wild animals, comparing only data for the same body tissues and lipid
fractions. In general, zoo-kept wild animals had a lower n3/n6 PUFA status; in particular, birds and
mammalian herbivore species for which data were available consistently showed lower proportions of
n3 PUFA and total PUFA in captivity. In zoo animals, this discrepancy has been repeatedly suspected to
contribute to clinical problems, although conclusive studies are lacking. Should an adjustment of the FA
status in captivity to the one in the wild be an objective in the dietary management of zoo animals,
several strategies could be adopted: the feeding of horse or rabbit instead of ruminant meat; the use of
food insects that are raised on green produce instead of grain products; the feeding of marine
non-vertebrates such as shrimp or squid to animals specialized on these items but conventionally fed
fish. In particular, a higher proportion of forage in general, the use of fresh or ensilaged forage instead
of hay, a reduction of the use of grain-based concentrates, and an increased use of forage products (grass
or lucerne meal) and linseed products in pelleted feeds, are measures that have been demonstrated in
domestic herbivores to increase the n3/n6 PUFA status.
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Zum Fettsäuren-Status von Wildtieren in Menschenobhut: ein Literaturüberblick 
 
Abstract 
The discrepancy in fatty acid (FA) status between a “natural” and a “civilized” environment, 
recognized as a major dietary phenomenon of clinical relevance in humans, was historically 
first described in the comparison of free-ranging and captive wild animals (CRAWFORD 1968). 
Compared to their free-ranging counterparts, captive specimens seemed to have a lower 
polyunsaturated FA (PUFA) status, and in particular a lower omega(n)3/n6 PUFA ratio. 
However, a comprehensive evaluation of the available data on free-ranging and captive wild 
animals was missing so far. We collated data on the FA status of free-ranging and captive 
wild animals, comparing only data for the same body tissues and lipid fractions. In general, 
zoo-kept wild animals had a lower n3/n6 PUFA status; in particular, birds and mammalian 
herbivore species for which data were available consistently showed lower proportions of n3 
PUFA and total PUFA in captivity. In zoo animals, this discrepancy has been repeatedly 
suspected to contribute to clinical problems, although conclusive studies are lacking. Should 
an adjustment of the FA status in captivity to the one in the wild be an objective in the dietary 
management of zoo animals, several strategies could be adopted: the feeding of horse or 
rabbit instead of ruminant meat; the use of food insects that are raised on green produce 
instead of grain products; the feeding of marine non-vertebrates such as shrimp or squid to 
animals specialized on these items but conventionally fed fish. In particular, a higher 
proportion of forage in general, the use of fresh or ensilaged forage instead of hay, a reduction 
of the use of grain-based concentrates, and an increased use of forage products (grass or 
lucerne meal) and linseed products in pelleted feeds, are measures that have been 
demonstrated in domestic herbivores to increase the n3/n6 PUFA status. 
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Introduction 
The fatty acid (FA) composition of the diet, and subsequently of different organ tissues, has 
received enormous attention in the literature on human medicine and nutrition. In particular, a 
low overall intake of polyunsaturated fatty acids (PUFA), and a drastic shift in the relation of 
omega(n)3 to n6 PUFA has been of concern (SIMOPOULOS 2002, HULBERT et al. 2005). The 
FA composition of body tissues is correlated to the FA composition of the ingested diet. 
Nevertheless, some organ tissues (like brain or sperm tissue) are less responsive to dietary 
changes than others (like adipose tissue or muscle and liver phospholipids). The 
responsiveness of several tissues has even been shown to differ with respect to the FA 
investigated, with a lesser responsiveness to saturated (SFA) or monounsaturated FA 
(MUFA), and a high responsiveness to changes in the n3/n6 PUFA ratio (HULBERT et al. 
2005). 
n3 PUFA occur mostly in green plants, vegetables, products of the marine food chain such as 
fish or shrimps, in certain seeds such as linseed, and in tissues of animals that have fed upon 
these items. n6 PUFA occur in grains and many seeds, and again in tissues of animals raised 
on such feeds (HULBERT et al. 2005). Ruminant tissues are particularly low in PUFA, because 
dietary PUFA are first hydrogenated (i.e. saturated) by the symbiotic forestomach microflora 
before they reach the site of absorption in the small intestine (CHRISTIE 1981). 
It is generally believed that animals have adapted to – and become dependent on - a certain 
dietary FA composition, and that recent changes in dietary FA patterns therefore lead to 
metabolic maladaption, i. e. disease (EATON & KONNER 1985, EATON et al. 1997, 
BROADHURST et al. 1998). In human medicine, low n3 and high n6 PUFA intake, caused by 
an increased use of grain and soy products, the consumption of products from animals raised 
on grain and soy, and a reduced ingestion of both seafood and fresh greenery, is reported to 
contribute to a series of so-called “civilisation diseases”. Thus, low n3 PUFA status has been 
associated with  
- the “metabolic syndrome” (HULBERT et al. 2005) that comprises obesity, type 2 
diabetes, hypertension, blood lipid disorders and a propensity for thrombus formation 
(GRUNDY et al. 2004). 
- cardiovascular disease, such as atherosclerosis, myocardial infarction and stroke 
(NESTEL 2001, RENAUD & LANZMANN-PETITHORY 2001) 
- modified immune response (CALDER 2001) 
- skin problems (ZIBOH 1996)  
- reduced visual cortex and brain function, including learning behavior (SUZUKI et al. 
2001) 
- behavioral diseases such as depression and schizophrenia (PEET & STOKES 2005) 
- increased aggression (HAMAZAKI et al. 2001, HIBBELN et al. 2004) 
Historically, the discrepancy in PUFA pattern between a “natural” and a “civilized” diet was 
first discovered in the comparison of free-ranging wild animals and their captive counterparts 
at London Zoo (CRAWFORD 1968). Although several individual reports followed over the 
years, the question whether a lower PUFA and an inverse n3/n6 PUFA status was typical for 
captive as compared to free-ranging wildlife was not addressed systematically. Based on a 
small-scale literature evaluation, Clauss and Ghebremeskel (2001) published a conference 
abstract that claimed that the mentioned patterns occurred consistently. However, this claim 
was not backed by an extensive literature research. Therefore, we wanted to follow up on this 
question, searching the immense body of literature on FA composition in animals for data that 
allowed comparisons between free-ranging and captive specimens. 
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Methods 
The search term “fatty acids” was entered in the search engines of the “Pubmed” and 
“Zoological Records” database of the library of the University of Zurich, Switzerland. 
Subsequently, several thousand hits were screened manually, and those articles were chosen 
that dealt with FA composition of animal tissues. The literature collection was complemented 
by articles listed in the reference lists of the articles from the primary search.  
Available tables on fatty acid composition (in % of all FA measured) were sorted according to 
species, tissues, and lipid fractions. Only articles were used that stated the origin of the 
samples (i.e., from free-ranging or captive animals), and the data were transferred to EXCEL 
spreadsheets for the consistent calculation of certain indices, such as the proportion of SFA, 
MUFA, PUFA, and the unsaturation index (the proportion of double bonds in the total 
number of bonds) according to Pond (1992). The mammalian species were classified either as 
herbivores or non-herbivores (i.e., omnivores, carnivores, piscivores) according to Stevens 
and Hume (1995).  
A total of 609 articles were processed, 289 of which contained quantitative information on FA 
composition of animal species. Finally, 49 articles were identified that yielded information on 
the FA composition of comparable tissues and lipid fractions in seven fish, four reptile, seven 
bird and 18 mammal species both from the wild and from captivity (ACHAYA & BANERJEE 
1946, GUNSTONE & RUSSELL 1954, GUNSTONE 1955, PATHAK et al. 1959, GARTON 1960, 
LEAT 1963, MATTSON et al. 1964, DAVIS & MCCARTHY 1965, WEST & MENG 1967, 
CRAWFORD et al. 1969, SCHUBERT 1969, CRAWFORD et al. 1970, CHRISTIE & MOORE 1972, 
MORTON & LIEBMAN 1974, SHULTZ & FERGUSON 1974, WEST & COADY 1974, CMELIK & 
LEY 1977, WILLIAMS et al. 1977, MANLEY & FORSS 1979, REINITZ & YU 1981, JOSEPH et al. 
1985, CHANMUGAM et al. 1986, DAVIDSON et al. 1986b, KOJIMA et al. 1986, BOLGOVA & 
SHCHUROV 1987, JAHNCKE et al. 1988, OSTROWSKI & DIVAKARAN 1989, FLORANT et al. 
1990, SCHWEIGERT et al. 1990, VAN VLIET & KATAN 1990, CAMBERO et al. 1991, CRAWFORD 
et al. 1991, GRAHL-NIELSEN & MJAAVATTEN 1991, ROUVINEN 1991, FRANK 1992, POND et 
al. 1992, COLBY et al. 1993, KÄKELÄ et al. 1993, OTTEN et al. 1993, SPEAKE et al. 1994, 
THORP et al. 1994, COBOS et al. 1995, KLINGENBERG et al. 1995, NOBLE et al. 1996, 
CARTLAND-SHAW et al. 1998, SEROT et al. 1998, SPEAKE et al. 1999, SURAI et al. 2001, 
CLAUSS et al. 2003). 
As it proved impractical to evaluate results separately for different tissues of lipid fractions, 
data was combined for any FA fraction, using pair-wise comparisons of FA composition 
within species only if data for the same tissue and lipid fraction were available. For the same 
reason, it was considered unreasonable to evaluate the data statistically; instead, we visualized 
the data and described trends. Tissues, the FA composition of which were used for the 
comparison, included muscle, liver, adipose tissue, serum, erythrocytes, and egg lipids.  
 
Results 
In reptiles and mammalian carni-/omnivores, there was no trend in unsaturation index 
between captivity and the wild (Fig. 1 b,d). In contrast, UI was consistently lower in captivity 
in fish, birds and mammalian herbivores (Fig. 1 a,c,e). 
Regarding the proportion of PUFA, there was no trend in fish, and mostly cases of higher 
proportions in captive reptiles and mammalian carni-/omnivores (Fig. 2 a,b,d). In contrast, 
PUFA was consistently lower in captive birds and mammalian herbivores (Fig. 2 c,e). 
For all groups investigated, the proportion of n6 PUFA was either higher or lower in 
captivity, without evident trends (Fig. 3 a-e). 
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n3 PUFA did not show a trend in the few reptile and mammalian carni-/omnivore species 
available (Fig. 4 b,d), but was consistently lower in captive fish, birds and mammalian 
herbivores (Fig. 4 a,c,e). 
The ratio of n3/n6 PUFA was lower in three out of four mammalian carni-/omnivore species 
available, with the polar bear as a notable exception (Fig. 5 d), but was consistently lower in 
captive fish, reptiles, birds and mammalian herbivores (Fig. 5 a-c,e). 
 
Discussion 
The results support the concept of Crawford (1968), Crawford et al. (1991) and Clauss and 
Ghebremeskel (2001) that captive wild animals have lower proportions of PUFA, n3 PUFA, 
and in particular a lower n3/n6 PUFA ratio than free-ranging counterparts. It must be noted 
that these results should only be considered as general trends, and that exceptions can always 
occur. For example, the higher proportions of n3 PUFA in captive polar bears reported by 
Colby et al. (1993) were interpreted as the result of a peculiar captive feeding regime that 
included a high proportion of fresh green vegetables and horse meat. The data on these polar 
bears show higher n3 PUFA and total PUFA in captive specimens, but a lower UI, which 
means that in spite of higher proportions of linolenic acid (18:3n3), the proportions of highly 
unsaturated FA (eicosapentaenoic and docosahexaenoic acid) as occur in fish or pinniped 
tissue was actually lower in the captive specimens. This example indicates that the data 
compliation presented must be interpreted with caution. Nevertheless, the results correspond 
to reports on wild animal species as compared to domesticated forms (CRAWFORD 1968, 
CRAWFORD et al. 1970, CRAWFORD et al. 1986, MILLER et al. 1986, LARICK et al. 1989, 
CRAWFORD et al. 1991, KOIZUMI et al. 1991, CORDAIN et al. 2002), to comparisons between 
domestic animals from extensive and an intensive production systems (KOIZUMI et al. 1991), 
and also to comparisons between human hunter-gatherers and farmers/horticulturists (EATON 
& KONNER 1985, HAMAZAKI et al. 1988, PAULETTO et al. 1996a, PAULETTO et al. 1996b, 
EATON et al. 1997, EATON et al. 1998, SIMOPOULOS 1998, YAMADA et al. 2000). Therefore, it 
appears reasonable to suggest that the pattern found in the comparison of free-ranging and 
captive wild animal species is representative of a universal pattern between “native/ free-
ranging/ extensive” and “domesticated/ civilized/ captive/ intensive” environments. 
With respect to the health problems associated with a low PUFA and a low n3/n6 PUFA ratio 
outlined in the introduction, one would expect to find corresponding reports for zoo animals 
in the literature. On the other hand, many of the problems associated with such a change in 
FA composition are unlikely to be identified as specific, individual, clinical cases. In shellfish 
and fish, it has been documented repeatedly that a low supply with n3 PUFA leads to reduced 
growth (LEE et al. 1967, YU & SINNHUBER 1978, LANGDON & WALDOCK 1981, WITT et al. 
1984, WATANABE et al. 1989, IBEAS et al. 1997a, IBEAS et al. 1997b, WHALEN et al. 1998).  In 
reptiles, the FA pattern was demonstrated to influence metabolic rate and the preferred 
temperature (GEISER et al. 1992a, GEISER & LEARMOUTH 1994, SIMANDLE et al. 2001), and it 
influences the torpor/hibernation pattern in mammals (GEISER & KENAGY 1987, GEISER 1991, 
FRANK 1992, GEISER et al. 1992b, GEISER & KENAGY 1993, GEISER et al. 1994, THORP et al. 
1994, BOZINOVIC & MENDEZ 1997, FLORANT 1998, FRANK et al. 1998, HILL & FLORANT 
2000, FALKENSTEIN et al. 2001). But in contrast to studies in humans and laboratory animals 
on health effects, similar studies in zoo animals are rare.  
Do some health problems occur more frequently in zoo animals than in their free-ranging 
counterparts? Research projects addressing these questions would require an unfeasibly 
comprehensive data evaluation protocol. In free-ranging African elephants, it was shown that 
particular, potentially PUFA-depleted habitats were correlated with an increased incidence of 
atherosclerosis (MCCULLAGH & LEWIS 1967, SIKES 1967, SIKES 1968, MCCULLAGH 1969a, 
MCCULLAGH 1969b, SIKES 1969, DILLMAN & CARR 1970, MCCULLAGH 1972, MCCULLAGH 
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1973, MCCULLAGH 1975). In captive elephants, atherosclerosis is also a well-recognized 
disease (LINDSAY et al. 1956, RATCLIFFE & CRONIN 1958, VASTESAEGER & DELCOURT 1961, 
FINLAYSON 1965, MIKOTA et al. 1994). But a quantitative comparison of the incidence in the 
captive and free-ranging population is not possible so far. Fiennes et al. (1973) demonstrated 
that a diet free of linolenic acid (18:3n3) fed for 20 months could induce skin lesions in 
capuchin monkeys which could be reversed when linseed oil was supplemented. On a more 
anecdotal level, Clauss et al. (2000) reported the improvement of a skin condition in a giraffe 
after the supplementation of linseed chips to its diet. Suedmeyer and Dierenfeld (1998) and 
Grant et al. (2002) suspected a correlation between the difference in FA provision between 
free-ranging and captive black rhinoceroses and several disease phenomena peculiar to this 
species. Noble et al. (1993) and Speake et al. (1994) suspected a connection between the low 
n3 status of captive alligators and the low reproductive success in captivity, and Noble et al. 
(1996) stated a similar concern for captive ostriches. Davidson et al. (1986a) treated two 
anestric cheetahs with skin problems by supplementing fish oil, achieving an improvement of 
clinical symptoms and a resumption of estrus cycling. The list of such anecdotal suspicions 
could be continued. We want to add one such idea of our own regarding the health of 
penguins: Moult leads to a decrease in (i.e., use of) highly unsaturated FA and a relative 
increase of linoleic acid (18:2n6) in penguins (HARBIGE et al. 1992). Thus, one could assume 
that captive animals, with higher n6 PUFA status and generally lower total PUFA and UI to 
start with, could show a higher incidence of moult problems. Krill has a higher proportion of 
highly unsaturated FA than most fish (Table 3). Chinstrap penguins (Pygoscelis antarctica) 
are the penguins with the highest proportion of krill in their natural diet (LISHMAN 1985); 
therefore, captive individuals of this species could have a most remarkable discrepancy in 
their PUFA status as compared to free-ranging specimens. Interestingly, chinstrap penguins 
are those penguins that suffer from a hitherto unexplained moult problem in captivity 
(DIEBOLD et al. 1999). Van den Sande (1967) reported the variable success of two expeditions 
to Antarctica, during which penguins were caught and brought to Europe. The disaster of the 
first mission was partly blamed on the nutrition of the animals that received only fish; the 
second mission, with a feeding regime of fish and shrimps combined, was more successful. 
 
Research into a more successful husbandry due to differences in dietary FA provision poses 
logistical problems. The only controlled study with zoo animals so far is that of Blair et al.  
(2000) in tuataras. These authors did not find a difference in short-term growth rate or 
metabolism in animals on different FA supplementation. However, they state themselves that 
in animals of high longevity such as tuataras (with a lifespan of up to forty years), relevant 
health effects are unlikely to be detected in short term studies. Double-blind, controlled 
studies as performed in human medicine with large sample sizes (e.g. GISSI 1999) are 
unlikely in zoo settings. More feasible studies are measurements of FA composition in blood 
samples before and after diet changes (Suedmeyer and Dierenfeld 1998, Clauss et al. 2000). 
In such studies, it is important to choose the target tissue with respect to the time necessary 
for potential changes to become detectable. If blood samples are taken, for example, one or 
two weeks after a dietary change, this may very well be reflected in the plasma triglyceride 
fraction but not (yet) in red blood cells that have a longer half life. However, the fact that 
dietary FA composition influences body FA composition is backed already by a massive body 
of literature that gains little from further additions unless specific dosages are tested; the 
demonstration of a clinical relevance of specific FA supplementation would be much more 
important. 
For the feeding practice in zoos, the question is whether changes aiming at a different FA 
provision, closer resembling the free-ranging state, can be made within reasonable financial 
and logistical limits. For animals that receive meat, rabbit or horse meat will provide a higher 
proportion of total PUFA than ruminant meat (Table 1), as would any other meat of 
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monogastric origin (pork, rodents, poultry). When insects are fed to insectivorous species, 
special attention should be paid to the diet these insects are reared on (e.g. BARKER et al. 
1998); one example for differences in FA composition within an insect species is given in 
Table 2, where one group of food insects can be suspected to have been raised on greenery 
and the other on grain products. Fish eaters that are fed fish should pose the least problems. 
However, species that are adapted to krill, jellyfish or squid might be adapted to higher 
proportions of PUFA and highly unsaturated FA than found in fish (Table 3); thus, in some 
fish species, breeding success can be increased when the diet is supplemented with squid oil 
(EMATA et al. 2003). 
However, the group in which a change in feeding regime could possibly be most easily 
introduced are captive herbivorous species. A reduction in the use of conventional, grain-
based concentrates, and a corresponding increase in the proportion of hay, already increases 
the n3/n6 PUFA status of domestic ruminants (ZIEGLER et al. 1967). An increased use of 
conventional, grain-based concentrates, on the other hand, decreases the n3/n6 PUFA status in 
domestic animals (BROWN et al. 1979, WESTERLING & HEDRICK 1979, MELTON et al. 1982, 
DUCKETT et al. 1993, FRENCH et al. 2000). The beneficial effect of forage can be reinforced if 
it is either fed fresh or as silage, as compared to hay (Table 4), which has been documented in 
numerous studies with domestic herbivores (MILLER et al. 1967, BROWN et al. 1979, 
WESTERLING & HEDRICK 1979, MELTON et al. 1982, MARMER et al. 1984, HIDIROGLOU et al. 
1987, DUCKETT et al. 1993, ENSER et al. 1998, MANDELL et al. 1998, FRENCH et al. 2000, 
MANN et al. 2003). Because the FA composition between a forage and its silage does not 
differ in a relevant way (WARD & ALLEN 1957, c. f. Table 4), ensilaging is a valid alternative 
to dry conservation, guaranteeing a high proportion of total and n3 PUFA (RAES et al. 2004). 
Drying especially reduces the proportion of n3 PUFA in forage (FRENCH et al. 2000, GRANT 
et al. 2002). Pelleted feeds based on forage meals (“green meal pellets”) also effectively 
increase the n3/n6 PUFA status in domestic ruminants (DANIEL et al. 2004, c. f. Table 4). The 
inclusion of linseed in pelleted feeds has a similar effect (RAES et al. 2004, c. f. Table 4), and 
linseed product supplementation has been documented to increase the n3 PUFA status in 
captive black rhinoceroses and giraffes (SUEDMEYER & DIERENFELD 1998, CLAUSS et al. 
2000). Thus, more emphasis on fresh, silaged, or even dried forages, and more sparing use of 
pelleted feeds, but with higher proportions of forage meals and linseed products and lesser 
proportions of grain products, are likely to result in diets more similar in FA composition to 
those ingested by free-ranging animals.  
 
Conclusions 
The available data indicates that captive wild animals have a consistently lower n3/n6 PUFA 
status than free-ranging animals. Birds and mammalian herbivores in particular have a lower 
general PUFA and n3 PUFA status in captivity as compared to the wild. Although there are 
only anecdotal reports or speculations but no studies conclusively indicating health problems 
due to this discrepancy, negative consequences of this discrepancy could be suspected – in 
parallel to reports in human medicine. Dietary changes aimed at increasing the n3/n6 PUFA 
status in captive animals include the use of rabbit or horse meat instead of ruminant meat in 
carnivores, the use of insects raised on greenery rather than on grain products, the use of 
nonvertebrate seafood for specialized marine feeders instead of fish. For herbivores, results 
from domestic animal science suggest that a decrease in the use of grain-based concentrates, 
an increase of the proportion of forage, the use of fresh or ensilaged forages rather than hay, 
the use of forage meal-based pelleted feeds, and the inclusion of linseed products will 
increase n3/n6 PUFA status.  
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Zusammenfassung 
Die Diskrepanz im Fettsäure (FS)-Status zwischen einer “natürlichen” und einer 
“zivilisierten” Umgebung – inzwischen als ein wesentliches Ernährungsproblem mit 
klinischer Relevanz beim Menschen erkannt – wurde historisch gesehen zuerst bei Zootieren 
im Vergleich mit freilebenden Artgenossen beschrieben (CRAWFORD 1968). Im Vergleich zu 
freilebenden Individuen schienen Tiere in Menschenobhut einen geringeren Status an 
mehrfach ungesättigten Fettsäuren (PUFA) aufzuweisen und insbesondere ein geringeres 
omega(n)3/n6 PUFA Verhältnis. Eine umfassende Sammlung und Auswertung verfügbarer 
Daten zu freilebenden und in Menschenobhut gehaltenen Wildtieren fehlte jedoch bislang. 
Wir sammelten Daten zum FS-Status freilebender und in Menschenobhut gehaltener 
Wildtiere, wobei nur Angaben zu den gleichen Körpergeweben und Lipidfraktionen 
verglichen wurden. Generell zeigen Zootiere ein geringeres n3/n6-Verhältnis als freilebende 
Artgenossen; insbesondere die Vögel und herbivore Säuger, für die vergleichbare Daten 
verfügbar waren, zeigten konsistent geringere Anteile an n3-PUFA und Gesamt-PUFA in 
Menschenobhut. Wiederholt wurde in der Literatur vermutet, dass diese Diskrepanz zu 
klinischen Problemen beitragen könnte; klinische Studien dazu stehen allerdings aus. Sollte 
die Angleichung des FS-Status von Zootieren an den ihrer freilbenden Artgenossen als ein 
definiertes Ziel der Zootierhaltung betrachtet werden, so könnten verschiedene 
Fütterungsstrategien Anwendung finden: der Einsatz von Pferde- oder Kaninchenfleisch statt 
Rind-, Schaf- oder Ziegenfleisch; der Einsatz von Futterinsekten, die auf Grünfutter statt 
Getreideprodukten aufgezogen werden; der Einsatz von Krabben oder Tintenfisch an Spezies, 
die solche Beutetiere in freier Wildbahn bevorzugen, im Zoo jedoch Fisch angeboten 
bekommen. Insbesondere bei Pflanzenfressern könnte durch einen erhöhten 
Rauhfuttereinsatz, den Einsatz von frischem oder siliertem Grünfutter anstatt von Heu, durch 
eine Reduzierung des Einsatzes von Getreideprodukten und einem vermehrten Einmischen 
von Grünmehlen und Leinsaatprodukten in pelletierte Futter der n3/n6-Status verbessert 
werden, wie Ergebnisse bei Hauswiederkäuern belegen. 
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Table 1. Examples of fatty acid composition of adipose tissue (total lipids; % of all FA) of 
different meat sources (GUPTA & HILDITCH 1951, EICHHORN et al. 1986, COBOS et al. 1995). 
Note that the fatty acid composition will depend on the feeding regime of the respective 
animals, especially in monogastric species. Grain-fed horses will have a higher proportion of 
linoleic acid, and horses kept on pasture a higher proportion of linolenic acid, for example. 
 
Meat 16:0 18:1n9 18:2n6 18:3n3 
 (palmitic acid) (oleic acid) (linoleic acid) (linolenic acid) 
Rabbit 25.5 33.2 13.0 17.9 
Horse 25.9 33.7 5.2 16.3 
Cattle 28.0 44.5 1.5 0.3 
 
Table 2. Fatty acid composition of whole bodies of locusts (total lipids; % of all FA) from two 
different institutions (CARTLAND-SHAW et al. 1998). The difference in linoleic/linolenic acid 
proportion most likely stems from different feeding regimes, with a greenery-based locust 
feed enhancing linolenic acid (A), and a grain-based locust feed enhancing linoleic acid 
proportion (B). 
 
Facility 16:0 18:1n9 18:2n6 18:3n3 
 (palmitic acid) (oleic acid) (linoleic acid) (linolenic acid) 
A 24.3 19.9 6.8 34.8 
B 21.2 26.6 30.0 6.6 
 
Table 3. Examples of fatty acid composition of whole bodies of krill, jellyfish, herring and the 
mantle tissue of squid (total lipids; % of all FA) (SIPOS & ACKMAN 1968, LINKO et al. 1985, 
HAGEN et al. 2001, PHILLIPS et al. 2003). 
 
Prey items 20:5n3 22:6n3 total 
PUFA 
Unsaturation 
index 
 (eicosapentaenoic 
acid) 
(docosahexaenoic 
acid) 
  
Krill (Euphausia 
superba) 
25.6 15.2 47.9 2.67 
Jellyfish (Cyanea 
capillata) 
12.4 21.2 47.7 2.62 
Squid 
(Moroteuthis 
ingens) 
13.9 40.9 55.9 3.28 
Herring (Clupea 
harengus) 
9.7 12.0 35.5 1.82 
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Table 4. Proportions of linoleic acid (18:2n6) and linolenic acid (18:3n3) in different feeds 
also used in zoo herbivores (FRENCH et al. 2000, GRANT et al. 2002, DANIEL et al. 2004, RAES 
et al. 2004). 
 
Food item 18:2n6 18:3n3 
Fresh grass 14.0 49.2 
Grass silage 14.5 46.2 
Grass hay 14.0 25.0 
North American browse (fresh) 10.0 64.0 
Green meal pellets 10.5 64.1 
Conventional concentrates* 47.1 12.3 
Linseed-supplemented concentrates* 24.7 43.2 
*basal mixture of grains and beet pulp 
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a 
0
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1
1.5
2
2.5
3
free captive
U
I
Salmon
Trout
Dolphin fish
Catfish
Turbot
Meagre
b 
0
0.5
1
1.5
2
free captive
U
I
Alligator
Corcodile
Tuatara
Marine turtle
c 
0
0.5
1
1.5
2
free captive
U
I
Ostrich
Redpoll
Sparrow
Goose
Falcon
Pheasant
Partridge
d 
0
0.5
1
1.5
2
free captive
U
I
Polar bear
Dolphin
Cheetah
Blue fox
Seal
Pig
Chimpanzee
 
e 
0
0.5
1
1.5
2
free captive
U
I
Afr. Elephant
Giraffe
Buffalo
Red deer
Marmot
Yellow-b. marmot
Lemming
Rabbit
Ground squirrel
 
Fig. 1 a-e: Unsaturation Index in different body tissues and lipid fractions in free-ranging and captive individuals 
of different species of (a) fish, (b) reptiles, (c) birds, (d) mammalian carni-/omnivores, (e) mammalian 
herbivores (see Methods for sources). 
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Fig. 2 a-e: Proportion of total polyunsaturated fatty acids in different body tissues and lipid fractions in free-
ranging and captive individuals of different species of (a) fish, (b) reptiles, (c) birds, (d) mammalian carni-
/omnivores, (e) mammalian herbivores (see Methods for sources). 
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Fig. 3 a-e: Proportion of n6 polyunsaturated fatty acids in different body tissues and lipid fractions in free-
ranging and captive individuals of different species of (a) fish, (b) reptiles, (c) birds, (d) mammalian carni-
/omnivores, (e) mammalian herbivores (see Methods for sources). 
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Fig. 4 a-e: Proportion of n3 polyunsaturated fatty acids in different body tissues and lipid fractions in free-
ranging and captive individuals of different species of (a) fish, (b) reptiles, (c) birds, (d) mammalian carni-
/omnivores, (e) mammalian herbivores (see Methods for sources). 
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Fig. 5 a-e: n3/n6 PUFA ratio in different body tissues and lipid fractions in free-ranging and captive individuals 
of different species of (a) fish, (b) reptiles, (c) birds, (d) mammalian carni-/omnivores, (e) mammalian 
herbivores (see Methods for sources). 
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